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ABSTRACT 



Esters and mixtures of esters of polyhydric alcohols, 
e.g., of pentaerythritol, in which at least 22 number 
percent of the acyl groups in the esters are either 
branched or contain no more than six carbon atoms, are 
effective lubricants and/or lubricant base stocks for 
chlorine-free fluorocarbon refrigerant heat transfer flu- 
ids particularly for chlorine-free heat transfer fluids 
such as Refrigerant 134a (1,1,1,2-tetrafluoroethane). 

20 Claims, No Drawings 
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the invention. Practice of the invention within the 

LUBRICATION FOR REFRIGERANT HEAT boundaries corresponding to the exact quantities stated 

TRANSFER FLUIDS is preferable, however. 

It has now been found that esters of polyols provide 

FIELD OF THE INVENTION 5 excellent lubricants and/or lubricant base stocks for use 

, A , ■ • , v with fluoro-eroup-containing refrigerant heat transfer 

This invention relate ; to lubncants lubncant .base Jjn g p chloril ^ ftee flu0 rocarbon heat 

stocks, refrigerant woriong fluids mcludmg lubncants y vided that ^ esters contain a suffi- 

along with primary heat transfer fluids, and methods for * fraction ' 0 f acy i groups with branched chains, i.e., 

using these materials. The lubricants and lubncant base ^™^L at least one carbon atom that is 

stocks are particularly suitable for use with substantially gJJ J° n ^f ^ ree other carbon atoms by sing i e 

chlorine-free, fluoro-group-contaming organ.c _ refnger- bon ^ of from Qne {Q 

ating heat transfer fluids such as tetrafluoroethanes. SS^SpSii^ from one to Ave, carbon atoms. 

STATEMENT OF RELATED ART (For brevity hereinafter, these types of acyl groups are 

hea 32 :"fl3s such as trichlorofluoromethane and factory solubility, at least 22 number percent (heremaf- 
SfchloS The widespread commercial *> ter "no. *») of the acyl groups m the ester ^ rester 

S of chlorine-free refrigerant heat transfer fluids has mixtures that are ^^^^^^g^l^^ 
been hindered, however, by the lack of commercially ing to this invention will be of the SaoB type. With 
adequate lubricants. This is particularly true for one of increasing preference in the order ™ ™^ ° f 

the most desirable working fluids, 1,1,1,2-tetrafluoroe- such SaoB acyl groups would be at least 50, 67, 156, or, 
thane, commonly known in the* art as "Refrigerant " for low viscosity lubncants, 92. 

134a" Other isomers of tetrafluoroethane are also desir- Additionally and independently, for adequate solubil- 
able working fluids. ity in highly fluorinated refrigerant heat transfer fluids, 

The general requirements and desiderata for lubri- the ratio of the no. % of acyl groups m the ester(s) that 
cants for refrigerant working fluids are well known in contain 8 or more carbon atoms and are unbranched to 
the art and have been recently reviewed by Glenn 30 the na % c f acy i groups in the ester(s) that are both 
Short, "Synthetic Lubricants and Their Refrigerant branched and contain not more than six, preferably not 
Applications", presented at the 44th Annual Meeting of m0 re than five, carbon atoms will not be greater than 
the Society of Triboiogists and Lubrication Engineers 1.56, more preferably not greater than 1.21, or still more 
held May 1-4, 1989. This entire paper, with the excep- preferably not greater than 1.00. Also, additionally and 
tion of any part that may be inconsistent with any ex- 35 independently, the no. % of acyl groups containing at 
plicit statement herein, is hereby incorporated herein by mne carbon atoms, whether branched or not, will 

reference. not be greater than 81, or increasingly more preferably, 

U.S. Pat. No. 4,851,144 of July 25, 1989 to McGraw not grcat er than 67 or 45. 
et al. teaches combinations of polyether glycols (also p or brevity, acids or acyl groups that contain 8 or 
denoted as polyether polyols) and esters of polyhydric 40 more car t, on atoms and are unbranched may be denoted 
alcohols as effective lubricants for hydrofluorocarbon hereinafter as "LU" (an acronym for "Long Un- 
and hydrochlorofluorocarbon based working fluids. branched"), while acids or acyl groups that are both 
The preferred ester component is a mixture of esters branched and contain not more than six, preferably not 
formed by reacting pentaerythritol with a mixture of morc than five> car bon atoms may be denoted hereinaf- 
alkanoic acids having 7-9 carbon atoms to form tetra- 45 tef ^ « S aB" (an acronym for "Short and Branched") 
esters. This reference teaches that esters in the absence and or acy i g roU ps that contain at least nine car- 
of polyether glycols are inadequate lubricants. bon atomSj whether or not branched, may be denoted 

U.S. Pat No. 4,755,316 of July 5, 1988 to Magid et al. hereinafter as <4 L" (for long). The conditions on the 
teaches that polyether glycols alone are adequate lubri- amounts of the various classes of acyl groups in the 
cants for tetrafluoroethane working fluids. Similar 50 suable for use in the invention may thus be 

teachings by Sasaki et al., Kaimai et al., and Allied-Sig- stated mat hematically as: 
nal, Inc. are summarized in Chemical Abstracts, Vol. 

112, items 23462x, S0832s-80834u, 201909h, and n o. % of SaoB£22 ; 

201916h(1990). . 

An abstract of British published patent application 2 55 no. % of LS81; and 
216 54teaches that some alkyl esters of aliphatic or 

aromatic carboxylic acids, with an ester molecular (no. % of LUV(no. % of SaB)=S 1.56 

weieht over 250, are effective refrigerator working 

S lubricants, with solubility of at least 15% in tetra- It is preferred that at least 90 no. %ofthe acyl groups 
fluoroethane heat transfer fluid over the temperature 60 in all the esters used according to the invention have no 
ranee from -40* to 80* C. more than twenty carbon atoms each. Saturated and 

B unsaturated acyl groups may both be used, but saturated 

DESCRIPTION OF THE INVENTION ones are pre ferred. Also, substituted as well as unsubsti- 

Except in the operating examples, or where other- tuted acyl groups may be used in esters according to the 
wise expressly indicated, all numerical quantities in this 65 invention, but it is preferred that the acyl groups have 
description indicating amounts of material or conditions no substituents other than alkoxy, fluoro, and/or cnloro 
of reaction and/or use are to be understood as modified groups. Generally unsubstituted acyl groups are most 
by the term "about" in defining the broadest scope of economical and are most preferred for that reason. 
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i * T?r»r Wh**r viscositv ranges, some divalent tion unaer very iuw picwuic, k 

I e ,v. T^ulLtS^n^Z l s beloved that esters 5 reaction between the epoxy ester and residual acid may 

lcWmdeUes(acyl groups) are needed to esterify all the tain no more than 18, more preferably no , more than 9. 

°m££ tS £ for auiilcrfo. are an « L*. of <h. <»» arcing ,0 Jhb i = on < »J- 

of acia cnargea 10 ™ ; i w equivalents 45 no. % of the alcohol moieties in the ester(s) contain at 

lent of alcohol is the amount containing one gram 50 formula ^^^^r^^^^f^a^ and 
valent acids alone. nreferre d esters accord- 55 Unsaturated as well as saturated alcohols may be used 

remove the bulk of any excess acid remaining at the end preferred that the alcohols used have n ° J^s'ituente 

tr. this invention If further refinement of the product is ferred for that reason. „ 0 „ ct „ r „f 

desJed the ^coment of free acid in the product after the 65 A highly desirable constituent is the tetrae ter of 

?,r Vacuum Sat on may be further reduced by pentaerythritol with iso- or i-pentano.c acd. which for 

tirst vacuum .a"""* ' . . y § p N purposes of this specification is defined as 2-metnyI- 

SSSSf oToy v^^VLli-e bulLoic acid. 3-methylbutanoic acid, or any mixture of 



5,021, 

5 

these two constituent. In one embodiment of the inven- 
tion, it is preferred that this highly desirable constituent 
make up at least 14 no. % of the ester molecules. 

Either pure esters or mixtures of esters meeting the 
above criteria may be effectively used in many embodi- 5 
ments of the invention. Generally mixtures of esters are 
more economical, because they may be prepared from 
commercially available starting materials without 
costly purification as a prerequisite. In one embodiment 
of the invention, mixtures of esters are preferred for 10 
performance reasons as well as economy: where moder- 
ate to high viscosity lubricants are needed, it is increas- 
ingly preferred that at least 12, at least 21, or at least 40 
no. % of the acyl groups in the esters to be used for the 
invention contain at least 8, or more preferably at least 15 
9, carbon atoms each. 

Independently of all other preferences, it is increas- 
ingly more preferred that no more than 20, 14, 9, 5, and 
2 no. % of the oxygen atoms in the esters to be used in 
a composition according to the invention be chemically 20 
bonded (as distinct from "hydrogen bonded") to a hy- 
drogen atom. 

Under some conditions of use, the ester(s) as de- 
scribed above will function satisfactorily as complete 
lubricants. It is generally preferable, however, for a 25 
complete lubricant to contain other materials generally 
denoted in the art as additives, such as oxidation resis- 
tance and thermal stability improvers, corrosion inhibi- 
tors, metal deactivators, lubricity additives, viscosity 
index improvers, pour and/or floe point depressants, 30 
detergents, dispersants, antifoaming agents, anti-wear 
agents, and extreme pressure resistant additives. Many 
additives are multifunctional. For example, certain ad- 
ditives may impart both anti-wear and extreme pressure 
resistance properties, or function both as a metal deacti- 35 
vator and a corrosion inhibitor. Cumulatively, all addi- 
tives preferably do not exceed 8 % by weight, or more 
preferably do not exceed 5 % by weight, of the total 
lubricant formulation. 

An effective amount of the foregoing additive types is 40 
generally in the range from 0.01 to 5 % for the antioxi- 
dant component, 0.01 to 5 % for the corrosion inhibitor 
component, from 0.001 to 0.5 % for the metal deactiva- 
tor component, from 0.5 to 5 % for the lubricity addi- 
tives, from 0.0 1 to 2 % for each of the viscosity index 45 
improvers and pour and/or floe point depressants, from 
0.1 to 5 % for each of the detergents and dispersants, 
from 0.001 to 0.1 % for anti-foam agents, and from 
0. 1-2 % for each of the anti-wear and extreme pressure 
resistance components. All these percentages are by 50 
weight and are based on the total lubricant composition. 
It is to be understood that more or less than the stated 
amounts of additives may be more suitable to particular 
circumstances, and that a single molecular type or a 
mixture of types may be used for each type of additive 55 
component Also, the examples listed below are in- 
tended to be merely illustrative and not limiting. 

Examples of suitable oxidation resistance and thermal 
stability improvers are diphenyl-, dinaphthyl-, and phe- 
nyl-naphthyl-amines, in which the phenyl and naphthyl 60 
groups can be substituted, e.g., N,N'-diphenyl phenyl- 
enediamine, p-octyldiphenylamine, p,p-dioctyldi- 
phenylamine, N-phenyl-l-naphthyl amine, N-phenyl-2- 
naphthyl amine, N-(p-dodecyl)-phenyl-2-naphthyl 
amine, di-l-naphthylamine, and di-2-naphthylamine; 65 
phenothazines such as N-alkylphenothiazines; imino(- 
bisbenzyl); and hindered phenols such as 6-(t-butyl) 
phenol, 2,6-di-(t-butyl) phenol, 4-methyI-2,6-di-(t-butyl) 



phenol, 4,4'-methylenebis(-2,6-di-{t-butyl} phenol), and 
the like. 

Examples of suitable cuprous metal deactivators are 
imidazole, benzamidazole, 2-mercaptobenzthiazole, 2,5- 
dimercaptothiadiazole, salicylidine-propylenediamine, 
pyrazole, benzotriazole, tolutriazole, 2-methylben- 
zaraidazole, 3,5-dimethyl pyrazole, and methylene bis- 
benzotriazole. Benzotriazole derivatives are preferred. 
Other examples of more general metal deactivators 
and/or corrosion inhibitors include organic acids and 
their esters, metal salts, and anhydrides, e.g., N-oleyl- 
sarcosine, sorbitan monooleate, lead naphthenate, 
dodecenyl-succinic acid and its partial esters and am- 
ides, and 4-nonylphenoxy acetic acid; primary, second- 
ary, and tertiary aliphatic and cycloaliphatic amines and 
amine salts of organic and inorganic acids, e.g., oil-solu- 
ble alkylammonium carboxylates; heterocyclic nitrogen 
containing compounds, e.g., thiadiazoles, substituted 
imidazolines, and oxazolines; quinolines, quinones, and 
anthraquinones; propyl gallate; barium dinonyl naph- 
thalene sulfonate; ester and amide derivatives of alkenyl 
succinic anhydrides or acids, dithiocarbamates, dithio- 
phosphates; amine salts of alkyl acid phosphates and 
their derivatives. 

Examples of suitable lubricity additives include long 
chain derivatives of fatty acids and natural oils, such as 
esters, amines, amides, imidazolines, and borates. 

Examples of suitable viscosity index improvers in- 
clude polymethacrylates, copolymers of vinyl pyrrol- 
idone and methacrylates, polybutenes, and styrene- 
acrylate copolymers. 

Examples of suitable pour point and/or floe point 
depressants include polymethacrylates such as metha- 
crylate-ethylene-vinyl acetate terpolymers; alkylated 
naphthalene derivatives; and products of Friedel-Crafts 
catalyzed condensation of urea with naphthalene or 
phenols. 

Examples of suitable detergents and/or dispersants 
include polybutenylsuccinic acid amides; polybutenyl 
phosphonic acid derivatives; long chain alkyl substi- 
tuted aromatic sulfonic acids and their salts; and metal 
salts of alkyl sulfides, of alkyl phenols, and of condensa- 
tion products of alkyl phenols and aldehydes. 

Examples of suitable anti-foam agents include silicone 
polymers and some acrylates. 

Examples of suitable anti-wear and extreme pressure 
resistance agents include sulfurized fatty acids and fatty 
acid esters, such as sulfurized octyl tallate; sulfurized 
terpenes; sulfurized olefins; organopolysulfides; organo 
phosphorus derivatives including amine phosphates, 
alkyl acid phosphates, dialkyl phosphates, aminedithio- 
phosphates, trialkyl and triaryl phosphorothionates, 
trialkyl and triaryl phosphines, and dialkylphosphites, 
e.g., amine salts of phosphoric acid monohexyl ester, 
amine salts of dinonylnaphthalene sulfonate, triphenyl 
phosphate, trinaphthyl phosphate, diphenyl cresyl and 
dicresyl phenyl phosphates, naphthyl diphenyl phos- 
phate, triphenytphosphorothionate; dithiocarbamates, 
such as an antimony dialkyl dithiocarbamate; chlori- 
nated and/or fluorinated hydrocarbons, and xanthates. 

Under some conditions of operation, it is believed 
that the presence in lubricants of the types of polyether 
polyols that have been prominent constituents of most 
prior art lubricant base stocks taught as useful with 
fluorocarbon refrigerant working fluids are less than 
optimally stable and/or inadequately compatible with 
some of the most useful lubricant additives. Thus, in one 
embodiment of this invention, it is preferred that the 
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lubricant base stocks and lubricants by substantially free viscosity grade numbers between 22 and 220, or more 
ofSch polyether polyols. By "substantially free", it is preferably between 32 and 100. The viscosity ranges for 
meant that the compositions contain no more than about the ISO viscosity grade numbers are given in Table 1. 
\0% by weight, preferably no more than about 2.6% by The practice of the invention may be further under- 
weight, and more preferably no more than about 1.2% 5 stood and appreciated by consideration of the following 
by weight of the materials noted. examples and comparative examples. 

Another embodiment of the present invention is a GENERAL ESTER SYNTHESIS PROCEDURE 
refrigerant working fluid comprising both a suitable 

heat transfer fluid such as a fluorocarbon or chloro- The alcohol(s) and acid(s) to be reacted, together 
fluorocarbon and a lubricant according to this inven- 10 with a suitable catalyst such as dibutyltin diacetate, tin 
tion. Preferably, the two necessary components should oxalate, phosphoric acid, and/or tetrabutyl titanate, are 
have chemical characteristics and be present in such a charged into a round bottomed flask equipped with a 
proportion to each other that the working fluid remains stirrer, thermometer, nitrogen sparging means, con- 
homogeneous, i.e. f free from visually detectable phase denser, and a recycle trap. Acid(s) were charged in 
separations or turbidity, over the entire range of work- 15 about a 15% molar excess over the alcohoI(s). The 
ing temperatures to which the working fluid is exposed amount of catalyst was from 0.02 to 0.1% by weight of 
during operation of a refrigeration system in which the the weight of the total 

working fluid is used. This working range may vary TABLE 1 

from -60- C to as much as + 175- C. It is often ade- - viscosity Range in Ccmi- 

quate if the working fluid remains single phase up to 20 stokes at 40' c. 

+ 30* C, although it is increasingly more preferable if 
the single phase behavior is maintained up to 40, 56, 71, 
88% or 100* C. Similarly, it is often adequate if the 
working fluid compositions remains a single phase 
when chilled to 0° C, although it is increasingly more 25 
preferable if the single phase behavior persists to — 10, 
-20, -30, -40*,or -55* C. Single phase mixtures 
with chlorine free hydrofluorocarbon refrigerant work- 
ing fluids can often be obtained with the suitable and 
preferred types of esters described above, with the most 30 
preferred ester* most likely to give such single phase 
behavior over a wide temperature range. 

Inasmuch as it is often difficult to predict exactly how 
much lubricant will be mixed with the heat transfer 
fluid to form a working fluid, it is most preferable if the 35 
lubricant composition forms a single phase in all propor- 
tions with the heat transfer fluid over the temperature 
ranges noted above. This however, is a very stringent " d *~ hol < 5 > '~ led - 

reauirement, and it is often sufficient if there is single . , M 

^.^^^^^^S£^ to a temperature 

working fluid mixture containing up to 1 % by weight of 22Q . and 230 . c> water from the 

lubricant according to tins invention. Single phase be- 2 ™ ;^ 

havior over \^^^^SSSSh S 12 were returned to the reaction mixture. Partial 
mg up to 2, 4, 10, and 115 % by weight of lubricant is J* ^ ^ abQve ^ feaction as 

S Tsome caS "in behavior is not required. necessary to achieve a reflux rate of between 8 and 12ft 

slss 1 ™ suras s^Jsts: « % 

uniform dispersion that remains stable as long as it is at 50 droxyl number had fallen "J LSfJ^S, or 

£ad to coSation or significant thickening and form 55 able with the apparatus used, corresponding to a ^resid- 
two or motfphases are unacceptable commercially and ual pressure of about O05 torr, while maintammg the 
herein as "immiscible". Any such mix- reaction temperature. The reaction mixture was then 
mre dSed below is a comparative example and not cooled, and any residual acidity was removed ,f de- 
an Embodiment of the present inventioa "red, by treatment with hrne, sodium hydroxide or 

t£ ^geTand preferred ranges of viscosity and 60 epoxy esters. The resulting lubricant or lubnear > base 
variation of viscosiiy with temperature for lubricant stock was dried and filtered before phase compatibly 
compositions according to this invention are generally testing. 

the same as established in the art for lubricants to be GENERAL PROCEDURE FOR PHASE 

used in refrigeration systems together with a heat trans- COMPATIBILITY TESTING 

fer fluid, particularly a fluorocarbon and/or chloro- 65 . t 

fluorocarbon heat transfer fluid. In general it is pre- One milliliter ("ml") of the lubricant to be tested is 
ferred that lubricants according to this invention have placed into a thermal shock resistant, volumetricauy 
International Organization for Standardization ("ISO") graduated glass test tube 17 millimeters ("mm ) in diam- 



ISO Viscosity Grade Number 


Minimum 


Maximum 


2 


1.98 


2.42 


3 


2.88 


3.52 — 


5 


4.14 


5.06 


7 


6.12 


7.48 


10 


9.00 


1 1.0 


15 


13.5 


16.5 


22 


19.3 


24.2 


32 


28.8 


35.2 


46 


41.4 


50.6 


68 


61.2 


74.8 


100 


90.0 


110 


150 


135 


165 


220 


198 


242 


320 


288 


352 


460 


414 


506 


680 


612 


748 


1,000 


900 


1,100 


1,500 


1,350 


1,650 
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cter and 145 mm long. The test tube is then stoppered 
and placed into a cooling bath regulated to -29±0.2 C 
After the tube and contents have equilibrated in the 
cooling bath for 5 minutes ("min"), sufficient refriger- 
ant working fluid is added to give a total volume of 10 

^At least 15 min after the working fluid has been 
added, during which time the tube and contents have 
been equilibrating in the cooling bath and the contents 
may have been agitated if desired, the tube contents are 
visually examined for evidence of phase separation. If 
there is any such phase separation, the tube is shaken to 
determine whether the combination can be rated as 
miscible or is totally unacceptable. 
If there is no evidence of phase separation at -29 C, 

the temperature of the cooling bath is usually lowered 
at a rate of 0.3. per min until phase separation is ob- 
served. The temperature of first observation of phase 
separation, if within the range of the cooling equipment 2 o 
used, is then noted as the insolubility onset temperature. 

Results of compatibility testing of several esters and 
ester mixtures with Refrigerant 134a are shown in Ta- 
bles 2-5 following. In these tables, all percentages are 
by weight unless otherwise stated. 

TABLE 2 



10 

TABLE 3-continued 



LUBRICANTS OR LUBRICANT ^ BASE STOCKS 

INCLUDING DIVALENT ACID MOIETIES 

Dibasic Phase Compatibility 

Polyol Used Acid Used Test Result at -29" C 



PE 



Azelaic 



Miscible 



wel^tLized from a mixture with an equivalents ratio of 10023*73 
for«lyoW:dCk^:n>onobasic acids. The monobasic*^ » each case were a 
So about 65% peotanoic and 17.5% each of 
butanoic acids. The compatibility tests in .the* 

-IV C PE m pentaerythritol; DPE ~ dtpenuerythntol; TMP » i*<limeinyioi 
1-butanol; all alcohols were >95% pure. 



15 



TABLE 4 



VARIATION OF ALCOHOL (S> USED 

Phase Compati- Insolubility Onset 



AlcohoKs) 



bility at -29' C. Temperature, ' 



( 



85% PE + 
15% DPE 
DPE 
TMP 



Soluble 



Soluble 
Soluble 



<-55 



<-55 
<-55 



25 



PE, £^itol; DPE - dipentaerythritol;TMP 
rfJ«£KSr>tS» pure. Commercial «lso C," add. 
*o*«5ft pentanoic acid + MM each of 2-methylbutano.c actd and Mnethyl- 
butanoic acid, was the acid used. 



VARIATION OF ACID(S) USED IN SINGLE 
POLYOL ESTERS 



TABLE 5 



Acid(s) 



Phase Compati- 
bility at -29* C 



Insolubility Onset 
Temperature, *C 



30 



EXAMPLES OF SUITABLE LUBRICANTS 
INCLUDING ADDITIVES 



( 



r> + Soluble 
65% n-Cs 

35% 1-C5 



( 
( 
{ 
( 

( 



n*Cs 
i-C 7 
n-C7 
1-C9 
n-Co 
60% 
40% 

17% 
33% 
50% 
17% 
33% 
50% 
17% 
33% 
50% 
17% 
33% 
30% 
20% 



n-Cg 
n-Cio 

i-C 5 
n-Cj 
n-C7 
1-C3 
n-Cj 
1-C9 
i-C 3 
n-Cs 
n-C9 
i-C5 
n-C3 
n-Cg 
n-Cio 



Soluble 

\ Soluble + 

Miscible 

Immiscible 

Immiscible 

Immiscible 



+ Soluble 
+ 

4. Soluble 

4- Immiscible 
+ 

+ Immiscible 



<-55 
-37 



Additive 



Trade Name 



Chemical and Functional 
Characterization 



Amount, % 
of Esters 



i Miscible 



35 



-37 



<-55 



40 



45 



Irganox tm L-109 
Irganox tm L-57 
Irganox tm L-U5 

Vanlube tm 7723 

Emery tm 9844 

Syn O Ad tm 8478 

Irgalube tm 349 

Reocor tm 12 

Cobratcc tm 99 

Reomet tm 39 



phenolic antioxidant 
amine antioxidant 
sulfur-containing 
phenolic antioxidant 
dithiocarbamate antioxidant 
and extreme pressure agent 
sulfurized ester friction 
modifier 

triarylphosphate ester anti- 
wear agent 

amine phosphate anti-wear 
agent and rust inhibitor 
alkenyt succinic acid 
derivative rust inhibitor 
benzotriazole copper corro- 
sion inhibitor 
triazole derivative copper 
corrosion inhibitor 



0.5 
0.5 
0.5 

0.5 

0.5 

0.5 

0.1 

0.1 

0.1 

0.1 



50 



2?" »T™!o*ln.teiY cquimoUr mixture of Mnethyl butanoic acid and 3-methyl 
^C, - an "W^^gJoai tanoic acid; hC 7 - (about 65% Mnethyl hexanoic 

ofoth* > cfactofcW- >»* bepunoic acid; i-C, - >90% 3.5.5-iranethyl 55 
at^adftfrQ - >»* nonanoic acid; n-C» « >90% tttanokacufcn-C.o- 
5S» dS-oteiid. For all the esters in this table, the alcohol mo*ue» were 
^^ fSmTmixturc of 15% pentaerythritol and 15% dipentaerythntoL 



TABLE 3 



LUBRICANTS OR LUBRICANT BASE STOCKS 
INCLUDING DIVALENT ACID MOIETIES 

Dibasic Phase Compatibility 

Polyol Used Acid Used Test Result at -29' C 



( 



PE 

85% PE 
15% DPE 
TMP 



Adipic 
Adipic 



Adipic 



Soluble 
Soluble 



Miscible 



60 



65 



Note* for Table 5 . t rtf m «, 

For all examples in this tabic, the base itock was « mixture of «t*«°U^ 
yLtyX butanoic acid + 13% Mnethyl butanoic acid + ^ 
23% 3.3.5-trimethyl hexanoic acid) with (85% penta*rythnto +15% d»pcnucry- 
Srito0. AU the mixtures shown in this table were fully soluble in the phase Compaq 
Sy test with Refrigerant IMaa. - 40' C; in this case the tests were not extended 
to lower temperatures. 

What is claimed is: 

1. A refrigerant working fluid comprising: 

(A) a fluoro-group-containing heat transfer fluid; and 

(B) a lubricant composition consisting essentially of 
materials selected from the group consisting of 
esters of (i) alcohols containing at least two —OH 
groups and (ii) organic carboxylic acids, wherein: 
(a) at least about 22 number percent of the acyl 

groups in the total of all the esters in said lubri- 
cant composition include no more than six car- 
bon atoms, or include at least one carbon atom 
bonded to at least three other carbon atoms by 
single bonds, or both; 
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(b) the ratio of the number percent of acyl groups 
in the total of all the esters in said lubricant com- 
position that are that contain 8 or more carbon 
atoms and are unbranched to the number percent 
of acyl groups in the total of all the esters in said 5 
lubricant composition that are both branched 
and contain not more than 6 carbon atoms is not 
greater than about 1.56; 

(c) the number percent of acyl groups in the total of 
all the esters in said lubricant composition that 10 
contain nine or more carbon atoms is not greater 
than about 81; and 

(d) at least 62 number percent of the total of all the 
alcohol moieties in the esters in said lubricant 
composition contain at least one carbon atom 
that is bonded by carbon-carbon single bonds to 
four other carbon atoms. 

2. A refrigerant working fluid according to claim 1, 
wherein: -o 

(a) at least 81number percent of the total of all the 
alcohol moieties in the esters in said lubricant com- 
position contain at least one carbon atom that is 
bonded by carbon-carbon single bonds to four 
other carbon atoms; 25 

(b) the ratio of the number of monovalent acyl groups 
to the number of acyl groups with more than one 
valence in the total of all the esters in said lubricant 
composition is at least 1.76; and 

(c) the number percent of acyl groups containing at 30 
least nine carbon atoms in the total of all the esters 

in said lubricant composition is not greater than 67. 

3. A refrigerant working fluid according to claim 2, 
wherein: 

(a) at least 81 number percent of the total of all the 35 
alcohol moieties in the esters in said lubricant com- 
position are moieties derived from the group con- 
sisting of pentaerythritol, dipentaerythritol, and 

2, 2-dimethy lol- lbutanol; 

(b) the ratio of the number of monovalent acyl groups 40 
to the number of divalent acyl groups in said lubri- 
cant composition is at least about 4, and there is not 
more than 2 number percent of acyl groups with a 
valence higher than 2; 

(c) the number percent of acyl groups containing at 45 
least nine carbon atoms in the total of all the esters 

in said lubricant composition is not greater than 45; 
and 

(d) the number percent of total oxygen atoms in the 
total of all the esters in said lubricant composition 50 
that are chemically bonded to hydrogen is not 
greater than 5. 

4. A refrigerant working fluid according to claim 1, 
wherein: 

(A) at least 22 number percent of the total number of 55 
acyl groups in all the esters of all alcohols contain- 
ing at least two — OH groups present in the lubri- 
cant composition are selected from the group con- 
sisting of (i) acyl groups containing no more than 5 
carbon atoms and (ii) acyl groups containing at 60 
least one carbon atom bonded to at least three 
other carbon atoms by single bonds; and 

(B) at least 12 number percent of the acyl groups in 
the esters of all alcohols containing at least two 
— OH groups present in the lubricant composition 65 
contain at least 8 carbon atoms each. 

5. A refrigerant working fluid according to claim 4 t 
wherein: 



(A) at least 50 number percent of total number of acyl 
groups in all the esters of all alcohols containing at 
least two — OH groups present in the lubricant 
composition are selected from the group consisting 
of (i) acyl groups containing no more than 5 carbon 
atoms and (ii) acyl groups containing at least one 
carbon atom bonded to at least three other carbon 
atoms by single bonds; 

(B) at least 21 number percent of the acyl groups in 
the esters of all alcohols containing at least two 
— OH groups present in the lubricant composition 
contain at least 9 carbon atoms each; and 

(C) at least 81 number percent of all the alcohol moi- 
eties in the esters of all alcohols containing at least 
two —OH groups present in the composition are 
moieties derived from alcohols that contain at least 
one carbon atom bonded to four other carbon 
atoms by carbon-carbon single bonds. 

6. A refrigerant working fluid according to claim 5, 
wherein: 

(A) at least 14 number percent of total number of acyl 
groups in ail the esters of all alcohols containing at 
least two — OH groups present in the lubricant 
composition are selected from 3-methyl butanoyl 
and 2-methyl butanoyl groups; and 

(B) at least 81 number percent of all the alcohol moi- 
eties in the esters of all alcohols containing at least 
t W o — OH groups present in the lubricant composi- 
tion are moieties derived from alcohols selected 
from the group consisting of pentaerythritol, 
dipentaerythritol, and 2,2-dimethylol-l-butanol. 

7. A refrigerant working fluid according to claim 6, 
wherein said fluoro-group-containing heat transfer fluid 
is chlorine-free. 

8. A refrigerant working fluid according to claim 5, 
wherein said fluoro-group-containing heat transfer fluid 
is chlorine-free. 

9. A refrigerant working fluid according to claim 4, 
wherein said fluoro-group-containing heat transfer fluid 
is chlorine-free. 

10. A refrigerant working fluid according to claim 3, 
wherein said fluoro-group-containing heat transfer fluid 
is chlorine-free. 

11. A refrigerant working fluid according to claim 2, 
wherein said fluoro-group-containing heat transfer fluid 
is chlorine-free. 

12. A refrigerant working fluid according to claim 1, 
wherein said fluoro-group-containing heat transfer fluid 
is chlorine-free. 

13. A refrigerant working fluid according to claim 1, 
which has only a single phase at equilibrium over a 
temperature range from about —40* C. to about 100* C. 

14. A process for operating a mechanical refrigerat- 
ing system comprising cyclic compression, liquefaction, 
expansion, and evaporation of a fluoro-group-contain- 
ing heat transfer fluid, wherein the improvement com- 
prises lubricating a part of the refrigerating system that 
comes into contact with the heat transfer fluid with a 
lubricant composition consisting essentially of materials 
selected from the group consisting of esters of © alco- 
hols containing at least two —OH groups and (ii) or- 
ganic carboxylic acids, wherein: 

(A) at least about 22 number percent of the acyl 
groups in the total of all the esters in said lubricant 
composition include no more than six carbon 
atoms, or include at least one carbon atom bonded 
to at least three other carbon atoms by single 
bonds, or both; 
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(B) the ratio of the number percent of acyl groups in 
the total of all the esters in said lubricant composi- 
tion that contain 8 or more carbon atoms and are 
unbranched to the number percent of acyl groups 

in the total of all the esters in said lubricant compo- 5 
sition that are both branched and contain not more 
than six carbon is not greater than about 1.56; 

(C) the number percent of acyl groups in the total of 
all the esters in said lubricant composition that 
contain nine or more carbon atoms is not greater 
than about 81; and at least 62 number percent of the 
total of all the alcohol moieties in the esters in said 
lubricant composition contain at least one carbon 
atom that is bonded by carbon-carbon single bonds 15 
to four carbon atoms. 

15. A process according to claim 14, wherein in said 
lubricant composition: 

(a) at least 81 number percent of the total of all the 
alcohol moieties in the esters in said primary lubri- 20 
cant component contain at least one carbon atom 
that is bonded by carbon-carbon single bonis to 
four other carbon atoms; 

(b) the ratio of the number of monovalent acyl groups 

to the number of acyl groups with more than one 25 
valence in the total of all the esters in said primary 
lubricant component is at least 1.76; and 

(c) the number percent of acyl groups containing at 
least nine carbon atoms in the total of all the esters 

in said primary lubricant component is not greater 30 
than about 67. 

16. A process according to claim 15, wherein in said 
lubricant composition: 

(a) at least about 8i number percent of the total of all 
the alcohol moieties in the esters in said primary 
lubricant component are moieties derived from the 
group consisting of pentaerythritol, dipentaery- 
thritol, and 2,2-dimethyloi-l-butanol; 

(b) the ratio of the number of monovalent acyl groups ^ 
to the number of divalent acyl groups in said pri- 
mary lubricant component is at least about 4, and 
there is not more than 2 number percent of acyl 
groups with a valence higher than 2; 

(c) the number percent of acyl groups containing at 45 
least nine carbon atoms in the total of all the esters 

in said primary lubricant component is not greater 
than 45; and 

(d) the number percent of total oxygen atoms in the 
total of all the esters in said primary lubricant com- 50 
ponent that are chemically bonded to hydrogen is 
not greater than 5. 



17. A process according to claim 14, wherein said 
lubricant composition comprises at least two esters that 
are esters of an alcohol containing at least two —OH 
groups, and: 

(A) at least 22 number percent of total number of acyl 
groups in all the esters of all alcohols containing at 
least two — OH groups present in said lubricant 
composition are selected from the group consisting 
of (i) acyl groups containing no more than 5 carbon 
atoms and (ii) acyl groups containing at least one 
carbon atom bonded to at least three other carbon 
atoms by single bonds; and 

(B) at least 12 number percent of the acyl groups in 
the esters of all alcohols containing at least two 

OH groups present in said lubricant composition 

contain at least 8 carbon atoms each. 

18. A process according to claim 17, wherein: 

(A) at least 50 number percent of total number of acyl 
groups in all the esters of all alcohols containing at 
least two —OH groups present in said lubricant 
composition are selected from the group consisting 
of (i) acyl groups containing no more than 5 carbon 
atoms and (ii) acyl groups containing at least one 
carbon atom bonded to at least three other carbon 
atoms by single bonds; 

(B) at least 21 number percent of the acyl groups m 
the esters of all alcohols containing at least two 
— OH groups present in said lubricant composition 
contain at least 9 carbon atoms each; and 

(C) at least 81 number percent of all the alcohol moi- 
eties in the esters of all alcohols containing at least 
two — OH groups present in said lubricant compo- 
sition are moieties derived from alcohols that con- 
tain at least one carbon atom bonded to four other 
carbon atoms by carbon-carbon single bonds. 

19. A process according to claim 18, wherein: 

(A) at least 14 number percent of total number of acyl 
groups in all the esters of all alcohols containing at 
least two — OH groups present, in said lubricant 
composition are selected from 3-methyl butanoyl 
and 2-methyl butanoyl groups; and 

(B) at least 81 number percent of all the alcohol moi- 
eties in the esters of all alcohols containing at least 
two — OH groups present in said lubricant compo- 
sition are moieties derived from alcohols selected 
from the group consisting of pentaerythritol, 
dipentaerythritol, and 2,2-dimethylol-l-butanol. 

20. A process according to claim 14, wherein no more 
than 9 number percent of the oxygen atoms in the total 
of all the esters in said lubricant composition are chemi- 
cally bonded to hydrogen atoms. 

♦ * * * * 
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